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Abstract

Adjusting oceanwind observationsto a standardheight,usually10 m, requiresthe useof a

boundarylayer model,andknowledgeof the thermodynamicalvariables. Height adjustmentis

complicatedby the fact that a necessaryparameter, the roughnessheight, cannotbe given in a

closedform solution. If only thewind andreportingheightareknown, thebestthatcanbedone

is to assumeneutralstability. The determinationof roughnessheight is analyzedanda simple

approximationis given that is accuratefor winds in the rangeof 1 � 30m s
� 1, for neutralstrati-

fication. This approximationwould alsobeanexcellentinitial estimatefor a Newton iterationto

determinetheroughnessheightprecisely, whetheror not neutralstability is assumed.



1. Introduction

Adjustingoceanwind observationsto astandardheight,usually10 m requirestheuseof boundary

layermodel,andknowledgeof thethermodynamicalvariables.Whichever PBL modelis used,it

is necessaryto iterateto solve theconstantflux layerequations.This is dueto thefact thatz0, the

roughnesslength,is an implicit function of the modelvariablesover the oceans.The Charnock

formulastatesthatover theoceanz0 andthesurfacestressmagnitude
�
τ
�
arelinearly relatedby

z0 � a
ρg

�
τ
���

(1)

Herea � 0
�
032,g � 9

�
81m s

� 2, andρ, thedensityof air, is assumedto beconstantfor therange

of heightsconsideredandequalto its surfacevalue.However thesurfacestressdeterminedfrom

τ � � ρCd
�
V
�
V (2)

dependson z0 throughtheneutraldragcoefficient,andin theunstablecaseon thesimilarity func-

tion, usuallydenotedf � Ri � whereRi is theRichardsonnumber. In Eq. (2) V is thevectorwind at

someheightz,
�
V
�
is themagnitudeof thevectorwind, thedirectionsof thewind andstressvector

areassumedto beparallelfor therangeof heightsconsidered,andthedragcoefficientCd is given

by theproductof thesimilarity function f � Ri � andtheneutraldragcoefficient is givenby

Cdn � �	
k

log 
 z
z0 �

�
 2 �
(3)

Here the von Kármán constantk � 0
�
4. For neutralstratification,Ri � 0, and f � Ri � � 1. See

HoffmanandLouis (1990)for details.

NWPmodelsusually“cheat”andusethevalueof τ of theprevioustimestepto find z0 through

theCharnockformula. Actually usingold valuesto evaluatethedissipative termscanbea good

policy asthis canreducecomputationalinstability. But outsideof a modelwe mustcalculatez0

implicitly. For this purposewesubstitutetheabsolutevalueof Eq. (2) into Eq.(1) to obtain

z0 � � a � g � CdV 2 � h � z0;z � Ri � � (4)

To solveEq.(4) wemustiterate.To begin theprocess,HoffmanandLouis (1990)estimatedCd as

a linearfunctionof
�
V
�
andthenobtainedtheinitial estimateof z0 from theCharnockrelationship.
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ThenEq. (4), z0 � h, is iterated.This convergesto a goodapproximationwithin a few iterations.

It is thenpossibleto switchto aNewton iterationto solvez0
� h � 0. TheNewtonmethodrequires

thepartialderivative of h with respectto z0. This canbeevaluatedusingthe tangentlinearcode

correspondingto thecalculationof h by settingall inputsto zeroexceptfor thatcorrespondingto

z0, which is setto unity.

2. Height correction for ocean winds

Knowing z0 is equivalentto knowing thestress,andwecanthensolveEq.(4) for
�
V
�
atany height,

z, if only we know the Richardsonnumber. In particular, Eq. (4) statesthatC
1
2
d

�
V
�
is conserved

aswe vary theheightz. However Ri dependson knowing thestratificationof theboundarylayer.

If only the wind andreportingheightareknown, the bestthat canbe doneis to assumeneutral

stability. Thisallowsusto determinethe10m wind speed
�
V10

�
from anobservationatsomeother

heightaccordingto: �
V10

� ��� log � 10� z0 �
log � z � z0 ��� �V ���

(5)

Notethatoncez0 is determined,theneutralwind U , which is definedby

τ � � ρCdn
�
U
�
U (6)

is easilydetermined.

3. Calculation of z0 under neutral conditions

To applyEq. (5) westill needto determinez0. Herewedemonstrateasimpleapproximation.The

motivationis thatunderneutralconditions,for somefixedheight,we expectwind speed,surface

stress,androughnessheight to all increasetogether. (Dif ferentiatingEq. (10), given below, we

obtain
d
�
V
�

dz0
��� g

ak2 � 1
2

z0
� 1

2 � 1
2

log � z
z0
� � 1� � (7)
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Table1: Samplecalculationsbasedon Eq. (10). The z0 valuesareequalto 2
� k but have been

multiplied by 106 for presentationin this table. The
�
V10

�
valuesarein m s

� 1 andarecalculated

usingEq. (10). Theratiosin columns4 and5 areequalto thetermin squarebracketsin Eq. (5).

Thelastcolumncontainstheestimatedvalueof z0 from Eq.(12) for thevaluesof
�
V10

�
listed.

k z0
�
V10

� �
V10� V4

� �
V10 � V19� 5 � z0(calc)

15 31 3.1 1.08 0.950 35

11 488 9.6 1.10 0.937 493

7 7813 27.7 1.15 0.915 5813

Thusd
�
V
� � dz0 ��� 0 provided z � e2z0. This holdsfor wind speedslessthanhurricanestrength

andheightsof severalmetersor more.) Thesuggestionthenis that z0 shouldbea monotonically

increasingfunctionof
�
V
�
, andinterpolationinto a look-up table,or a simplefit to a setof exact

valuesshouldwork.

For this investigationit is convenientto define

y � log � z � z0 � and z0 � ze
� y � (8)

ThenEq.(4) specializedfor neutralstabilitymaybewrittenas

y2e
� y � ak2

gz
V 2 � γ

�
(9)

GivenV andz, Eq. (9) determinesγ. Now if we cantabulateor modely asa functionof γ, thenV

andz woulddetermineγ, theny, andfinally z0 usingEq. (8).

Of course,giveny, it is trivial to calculateγ. Thereforegivenz0 andz we immediatelyhave

V ��� g
ak2 � 1

2
z0

1
2 log � z

z0
� � (10)

A few samplecalculationsusingEq.(10)arepresentedin Table1 for heightsof 4, 10,and19
�
5 m.

Valuesof z0 givenby 2
� k areusedhereandin thefigurespresentedbelow.

In Table1 we seethat z0 variesby morethantwo ordersof magnitudeaswind speedvaries

from 3 to 30 m s
� 1. Overthisrangeof wind speed,thecorrectionfactorsfor determining

�
V10

�
vary
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by roughly5%. This variationis thesameorderof magnitudeasthecorrections,andis therefore

worthaccountingfor.

Figure1a plots y asa function of log � γ � for k � 0 � ����� � 30. Clearly a linear fit will work well

over mostthe rangeof γ. This is not unexpectedsinceaccordingto Eq. (9) logγ � � y � 2logy.

As k increases,z0,
�
V10

�
, andγ decrease,while y increases.For example,for k � 0, z0 � 1 m and�

V10
� � 100m s

� 1, while for k � 30,z0  10
� 9 m and

�
V10

� � 0
�
03m s

� 1. Fitting pointsfor k ! 6,

correspondingto
�
V10

�#"
35m s

� 1 (wheretheextremepoint includedis markedby theverticalline

in theplots)wefind that

y � c0 � c1 log � γ � (11)

with c0 � 3
�
7 andc1 � � 1

�
165.

CombiningEq.(8), Eq. (9), andEq. (11),weobtainourestimateof z0

ẑ0 � zexp $ � � c0 � c1 log $%� ak2V 2 ���&� gz �(')�(' � (12)

Figure1b shows the error of the fit in log space.ValuescalculatedusingEq. (12) areshown in

the last columnof Table1 for the threecaseslisted. The differencesarenot tiny, but whenwe

recalculatetheratiosof thewind speedsin columns4 and5 of thetable,theresultsarenearlythe

same.Usingthesameprecisionasin thetablethevaluesarethesame,exceptfor last row where

they differ in thelastsignificantfigure(thenew valuesare1.14and0.917respectively).

4. Concluding remarks

An approximationfor roughnessheight(Eq. (12)) is giventhat is accuratefor winds in therange

of 1 � 30m s
� 1 undertheassumptionof neutralstability. Valuesof z0 thatvary with wind speed

shouldbeusedin correctingoceanwindsto a standardheight.Typical correctionarein therange

of 5-15%,soassumingasinglevaluewill incurerrorsof a few percent.Ourapproximationwould

alsobeanexcellentinitial estimateto begin a Newton iterationto determinetheroughnessheight

precisely, whetheror notneutralstability is assumed.

5



Figure1: Fitting y � log � z � z0 � asa function of γ � � ak2 � gz � V 2. (a) The linear fit to valuesof y
andlogγ for k � 6 � ���*� � 30 is plottedasa dottedline. Thedatavaluesareplottedasdots. (b) Log
residualsfor Eq. (12) fit of z0. For this calculationwe definethetruevaluesof z0 andthen

�
V
�
for

thechosenvalueof z (10 m) usingEq. (10), andthenusethesevaluesof
�
V
�
andz in Eq. (12) to

determinêz0. Theverticallinesidentify k � 6.
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